Abstract: A fly larva was recovered from a boil-like lesion on the left leg of a 33-year-old male on 21 November 2016. He has worked in an endemic area of myiasis, Uganda, for 8 months and returned to Korea on 11 November 2016. The larva was identified as Cordylobia anthropophaga by morphological features, including the body shape, size, anterior end, posterior spiracles, and pattern of spines on the body. Subsequent 28S rRNA gene sequencing showed 99.9% similarity (916/917 bp) with the partial 28S rRNA gene of C. anthropophaga. This is the first imported case of furuncular myiasis caused by C. anthropophaga in a Korean overseas traveler.
INTRODUCTION
Myiasis is a parasitic infestation by larval stages of the flies in the tissues of humans and animals. It is widespread in tropical and subtropical areas, including Central America, South America, and tropical Africa [1] . It is classified based on the infestation site, e.g., cutaneous, oral, ocular, nasal, and urogenital. The cutaneous myiasis is the most frequent and impressive form, and it can be divided into 3 types by clinical features and type of larvae: furuncular, migratory, and wound myiasis [2] .
Furuncular myiasis is defined as the penetration of the larvae inside the healthy skin and development of a boil-like nodule. It is more common in tropical countries and can be caused by the human botfly Dermatobia hominis in Latin America, the tumbu fly Cordylobia anthropophaga, and the Lund's fly Cordylobia rodhaini in Africa [3, 4] .
The tumbu fly, C. anthropophaga, is a blowfly belonging to the family Calliphoridae and one of the most prevalent agents throughout the tropical and subtropical Africa [5] . Humans can be infested through direct exposure to environments contaminated with eggs of the fly [6] .
In this study, we present the first case of furuncular myiasis in a Korean traveler returning from Uganda. The larva was removed from a boil-like lesion of the patient's leg and identified as C. anthropophaga from both morphology and nucleotide sequence analysis of the 28S rRNA gene.
CASE RECORD
A 33-year-old male was transferred to the emergency room of Kyungpook National University Hospital from a local dermatology clinic on 21 November 2016. He had worked in Uganda for 8 months and returned to Korea on 11 November 2016. He found that 2 boil-like lesions with a small central punctum appeared on his left leg and developed as an abscess (Fig. 1) . A third instar larva was removed from one of the lesions at the local dermatology clinic. In order to treat of secondary bacterial skin infection, antibiotics, ampicillin, and sulbactam (750 mg, 3 times/day), was given orally for 7 days by an infectious disease physician.
The larva was 6× 2.9 mm in size, yellowish color with cylindrical body, and had 11 segments. The segments III-VIII had numerous small black, scattered spines, while IX-XI were al- (Fig. 2 ). The anterior end had 2 black mouth-hooks with curved and sharp tips without cluster of conic denticles (Fig. 3 ). Fig. 4 shows the posterior spiracle of the larva, the spiracles carried 3 curved spiracular openings without peritreme. These morphological characteristics were consistent with those described for C. anthropophaga [7] .
For genetic analysis, total genomic DNA was extracted from the larva with QIAamp DNA Mini kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The primers for nested PCR designed by Ruan et al. [8] , which amplify 28S rRNA gene (Forward-1: 5´-GGGAGGAAAAGAAACTAA-CAAGGA-3´, Reverse-1: 5´-CTGTTTCGGTCTTCCATCA-GGG-3´, Forward-2: 5´-CTTAGTAGCGGCGAGCGAAAA-3´, Reverse-2: 5´-TTCCCCT-GACTTCAACCTGATC-3´). PCR was performed as follows: initial denaturation at 94˚C for 5 min, followed by 30 cycles of denaturation at 94˚C for 30 sec, annealing at 60˚C for 30 sec and extension at 72˚C for 2 min, and a final extension at 72˚C for 5 min. The PCR product was 916 bp, bi-directionally sequenced, and identified using BLAST (Basic Local Alignment Search Tool) analysis. The sequences showed 99.9% similarities with the partial of 28S rRNA gene of C. anthropophaga 'isolate Yaounde' from Cameroon (GenBank no. AJ551432) and 'isolate Zhejiand from Uganda (GenBank no. KM506761) and 98.1% with 'isolate B25' from Namibia (GenBank no. JQ246627). Phylogenetic analysis re- vealed that the sequence from this study was clustered with C. anthropophaga from Uganda and Cameroon. The 28S rRNA gene sequences of Oestrus ovis (GenBank no. AJ551428) were used as an out-group (Fig. 5) .
DISCUSSION
In Africa, furuncular myiasis is caused by 3 species of the genus Cordylobia: C. anthropophaga (endemic throughout Africa), C. rodhaini (parts of Africa with rainforests), and C. ruandae (Zaire border and Rwanda), whereas D. hominis is common in Central and South America [9] . Among Cordylobia spp., C. anthropophaga is the dominant causative agent compared with the other species [10] . Tamar et al. [4] reported 18 furuncular myiasis cases in Israeli travelers who were returning from Afri- ca during 1999-2014. Of these 18 cases, 15 were caused by C. anthropophaga, while only 3 were by C. rodhaini [4] . They closely resemble each other but can be distinguished by morphological differences, such as the body size, the posterior spiracles, mouth-hooks, and cluster of conic denticles. The length of C. anthropophaga is usually 10-15 mm, while C. rodhaini is 20-23 mm [11] . In the posterior spiracles, the 3 spiracular openings are slightly sinuous slits in C. anthropophaga, whereas tortuously sinuous in C. rodhaini. C. anthropophaga has mouthhooks with curved and sharp tips, but there is neither cluster of conic denticles nor oral grooves. On the other hand, C. rodhaini has mouth-hooks with broad and rounded tips and cluster of conic denticles as typical feature [7, 12] .
C. anthropophaga is an obligatory parasite that needs a living tissue of the host for larval development. The female lays 100-300 eggs on sandy soil or damp clothing, which has been contaminated with urine or feces. The eggs hatch after 2-4 days, and the hatched larva can survive for up to 9 days without any food. When humans are exposed to contaminated soil or clothing, the larvae penetrate the skin within 60 seconds without any notice. The larva develops into the second instar within 2-4 days, third instar in 5-6 days, and reaches maturity in 8-12 days. Then, the mature larva emerges out of the skin, falls on the ground, and pupates [1, 4] .
International travel may raise the risk of infectious disease and increase health problems. Up to 8-12% of travelers with medical problems have skin diseases, of which myiasis is for 7-11% [13] . Although C. anthropophaga and D. hominis is found in Africa and Central and South Americas, respectively, myiasis is continuously recorded throughout the world due to travelers returning from endemic areas. It has been reported in several countries, including France [9] , China [11] , US [14] , Canada [15] , Tunisia [16] , Italy [17] , Japan [18, 19] , and Israel [4] . Therefore, sufficient knowledge and experience for diagnosis is needed to avoid misdiagnosis, such as pyoderma, impetigo, staphylococcal furunculosis, and cutaneous leishmaniasis [1] . The diagnosis of myiasis requires awareness of an epidemiological history, recovery of larvae, and morphological study of the larvae. Specifically, key diagnostic features for furuncular myiasis are boil-like lesions, erythema, serosanguineous, or seropurulent drainage from a central punctum, local symptoms of pain, tenderness, and pruritis [3] . Currently, molecular identification methods using several genetic markers, such as mitochondrial DNA and ribosomal DNA, are used to provide more accurate and timely diagnosis [20] . In particular, sequencing of 28S rRNA gene has been used for identification of C. anthropophaga in Japan [18] , China [8] , and Nigeria [21] . The method of molecular identification which aid to accurate diagnoses of myiasis may be useful for future case studies in hospitals with no expertise. Effective treatment of myiasis is based on the removal of the entire larva after squeezing the boil or applied greasy substance to the lesion and antibiotics therapy to protect any possible secondary infections. Care should be taken as incomplete extraction or rupture of the larva may cause a severe inflammatory response [2, 3] . The recommended preventive measures against C. anthropophaga are drying clothes in sunlight and ironing them before wearing to destroy both the eggs and larvae. It may help reduce the risk of myiasis in endemic areas of C. anthropophaga.
This report presents the first case of furuncular myiasis due to C. anthropophaga in Korea. However, the increasing number of Korean travelers, both for tourism and business, to tropical and subtropical areas enhances the risk of unusual imported infestations. Considering this point, this report may help to identify the larval species which caused myiasis, to provide the appropriate treatment, and to improve our understandings of imported cases.
